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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method of 
wiring for semiconductor devices. More particularly, the 
invention relates to a dual damascene structure suitable 
for wiring on semiconductors and to a method of forming 
the same. 

DESCRIPTION OF THE RELATED ART 

[0002] With the trend toward size reduction in semi- 
conductor devices, the shifting of the wiring material 
from aluminum, which has been used hitherto, to copper 
is progressing. In the case of using copper as an inter- 
connect material, damascene methods are frequently 
used. Of these methods, the dual damascene method, 
by which a via-post and trench line can be simultane- 
ously formed, is regarded as a preferred technique be- 
cause it is effective in reducing the semiconductor de- 
vice production cost. 

[0003] The technique of forming a copper wiring by 
the dual damascene method is presently spreading and 
coming to be generally used for forming interconnect 
structures containing Si0 2 as dielectrics. 
[0004] The desire for further size reduction in semi- 
conductor devices has lead to investigations not only on 
wiring materials but on dielectrics. Specifically, investi- 
gations are being made enthusiastically on shifting from 
silica (dielectric constant, 4), which is in current use, to 
a material having a lower dielectric constant. 
[0005] Examples of such a low dielectric constant ma- 
terial include fluorine-doped silica obtained by adding 
fluorineatoms to ordinary silica, carbon-containing silica 
film formed by CVD, organic dielectric films formed from 
a coating fluid, and siloxane films formed from a coating 
fluid. 

[0006] On the other hand, a dual damascene can be 
formed by several methods. Examples thereof include 
the via-first method, trench-first method, buried hard- 
mask method, and dual hardmask method. 
[0007] In the case of using conventional silica or flu- 
orine-doped silica as dielectrics, the via-first method is 
exclusively employed from the standpoints of the ease 
of mask alignment and the total number of steps. In the 
via-first method, a via pattern is first formed in an die- 
lectric film and the via formed is then filled with a pho- 
toresist or antiref lection material to form a trench. There- 
after, the residue of the photoresist or a nti reflection ma- 
terial with which the via is filled up is removed with, e. 
g., an oxygen plasma or a wet stripping liquid based on 
a strong amine. 

[0008] Because of these steps, the via-first method 
has a problem that the low dielectric constant film is un- 
avoidably damaged by the plasma or potent wet strip- 
ping liquid used for removing the residue of the resist or 
anti reflection film filling the via. The trench-first method 



has the same problem. 

[0009] The buried hardmask method is free from the 
problem described above. However, it has a problem 
that the production cost is high because the substrate 
5 need to shuttle many times between a film deposition 
step and a lithographic step. 

[001 0] In this respect, the dual layer hardmasks meth- 
od is regarded as a method which compensates for 
those drawbacks and is effective in the formation of a 
10 dual damascene containing a low dielectric constant 
material as an dielectric film. 

[0011] A technique which is being investigated for 
forming a dual damascene by the dual layer hardmasks 
method employs a combination of two CVD films select- 
's ed from silicon carbide, silicon nitride, and silica films. 
However, this technique has a problem that since all 
these films are silicon-containing films, it is difficult to 
secure a sufficient etching selective ratio between the 
layers to form a dual damascene structure having a sat- 
20 isfactory shape. 

[0012] This technique further has a drawback that 
when it is used in combination with film formation from 
a coating material, a silicon wafer shuttles between the 
coating apparatus for film formation from a coating fluid 
25 and the CVD apparatus, making the process flow com- 
plicated. 

SUMMARY OF THE INVENTION 

30 [0013] An object of the invention is to provide a novel 
method of forming a dual damascene structure in order 
to overcome the problems described above. 
[0014] The invention provides a method of forming a 
dual damascene structure which comprises the step of 

35 superposing an organic dielectric film and a metal oxide 
film on an inorganic dielectric film. 
[0015] The invention further provides a dual da- 
mascene structure formed by the method. 



[001 6] The foregoing and other aims and advantages 
of the invention will be apparent from the following de- 
tailed description and the accompanying drawings, in 
45 which: 

Fig. 1 illustrates a multilayer structure having an in- 
organic dielectric film, an organic dielectric film and 
a metal oxide film; and 
50 Fig. 2 illustrates a multilayer structure having an in- 
organic dielectric film containing a mid etch stopper 
layer therein. 

DETAILED DESCRIPTION OF THE INVENTION 

55 

Inorganic Dielectric Film 

[0017] The inorganic dielectric film in the invention 
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preferably comprises silica or a polysiloxane having hy- 
drocarbon groups. 

[0018] Although this inorganic dielectric film compris- 
ing silica or a polysiloxane having hydrocarbon groups 
can be formed by CVD, it is preferably formed from a 
coating fluid. 

[0019] The coating fluid for forming the inorganic die- 
lectric film comprises (A) a polysiloxane and (B) an or- 
ganic solvent. 

[0020] Examples of the polysiloxane (A) include a 
product of hydrolysis and condensation obtained by hy- 
drolyzing and condensing at least one silane compound 
selected from the group consisting of compounds rep- 
resented by the following formula (1) (hereinafter re- 
ferred to as "compounds (1)"). compounds represented 
by the following formula (2) (hereinafter referred to as 
"compounds (2)"), and compounds represented by the 
following formula (3) (hereinafter referred to as "com- 
pounds (3)"); 

R a Si(OR 1 ) 4 . a (1) 

wherein R represents a hydrogen atom, a fluorine atom 
or a monovalent organic group; R 1 represents a mono- 
valent organic group; and a is an integer of 1 or 2; 

Si(OR 2 ) 4 (2) 

wherein R 2 represents a monovalent organic group; 

R^(R 4 0) 3 . b Si-(R 7 ) d -Si(OR 5 ) 3 . c R^ (3) 

wherein R 3 to R 6 may be the same or different and each 
represent a monovalent organic group; b and c may be 
the same or different and each are a number of 0 to 2; 
R 7 represents an oxygen atom, a phenylene group or a 
group represented by -(CH 2 ) n -, wherein n is an integer 
of 1 to 6; and d is 0 or 1 . 

Compounds (1): 

[0021] Examples of the monovalent organic groups 
represented by R and R 1 in formula (1) include alkyl, 
aryl, allyl and glycidyl groups. In formula (1), R is pref- 
erably a monovalent organic group, more preferably an 
alkyl or phenyl group. 

[0022] The alkyl group preferably has 1 to 5 carbon 
atoms, and examples thereof include methyl, ethyl, pro- 
pyl and butyl. These alkyl groups may be linear or 
branched, and may be ones in which one or more of the 
hydrogen atoms have been replaced, for example, with 
fluorine atoms. 

[0023] In formula (1), examples of the aryl group in- 
clude phenyl, naphthyl, methylphenyl, ethylphenyl, 



chlorophenyl, bromophenyl and fluorophenyl. 
[0024] Specific examples of the compounds (1) in- 
clude: 

5 trimethoxysilane, triethoxysilane, tri-n-propoxysi- 
lane, triisopropoxysilane, tri-n-butoxysilane, tri-sec- 
butoxysilane, tri-tert-butoxysilane, triphenoxysi- 
lane, fluorotrimethoxysilane, fluorotriethoxysilane, 
fluorotri-n-propoxysilane, fluorotriisopropoxysilane, 

10 fluorotri-n-butoxysilane, fluorotri-sec-butoxysilane, 
fluorotri-tert- butoxysilane and fluorotriphenoxysi- 
lane; 

methyltrimethoxysilane, methyltriethoxysilane, 
methyltri-n-propoxysilane, methyltri-iso-propoxysi- 
15 lane, methyltri-n-butoxysilane, methyltri-sec-butox- 
ysilane, methyltri-tert-butoxysilane, methyltriphe- 
noxysilane, ethyltrimethoxysilane, ethyltriethoxysi- 
lane, ethyltri-n-propoxysilane, ethyltri-iso-propox- 
ysilane, ethyltri-n-butoxysilane, ethyltri-sec-butox- 
20 ysilane, ethyltri-tert-butoxysilane, ethyltriphenox- 
ysilane, vinyltrimethoxysilane, vinyltriethoxysilane, 
vinyltri-n-propoxysilane, vinyltri-iso-propoxysilane, 
vinyltri-n-butoxysilane, vinyltri-sec-butoxysilane, vi- 
nyltri-tert-butoxysilane, vinyltriphenoxysilane, n- 
25 propyltrimethoxysilane, n-propyltriethoxysilane, n- 
propyltri-n-propoxysilane, n-propyltriisopropoxysi- 
lane, n-propyltri-n-butoxysilane, n-propyltri-sec-bu- 
toxysilane ; n-propyltri-tert-butoxysilane ; n-propylt- 
riphenoxysilane, isopropyltrimethoxysilane, isopro- 
30 pyltriethoxysilane, isopropyltri-n-propoxysilane, 
isopropyltriisopropoxysilane, isopropyltri-n-butox- 
ysilane, isopropyltri-sec-butoxysilane, isopropyltri- 
tert-butoxysilane, isopropyltriphenoxysilane, n- 
butyltrimethoxysilane, n-butyltriethoxysilane, n- 
35 butyltri-n-propoxysilane, n-butyltriisopropoxysi- 
lane, n-butyltri-n-butoxysilane, n-butyltri-sec-bu- 
toxysilane ; n-butyltri-tert-butoxysilane, n-butylt- 
riphenoxysilane, sec-butyltrimethoxysilane, sec- 
butyltriethoxysilane, sec-butyltri-n-propoxysilane, 
40 sec-butyltriisopropoxysilane, sec-butyltri-n-butox- 
ysilane, sec-butyltri-sec-butoxysilane, sec-butyltri- 
tert-butoxysilane, sec-butyltriphenoxysilane, tert- 
butyltrimethoxysilane, tert-butyltriethoxysilane, 
tert-butyltri-n-propoxysilane, tert-butyltriisopropox- 
45 ysilane, tert-butyltri-n-butoxysilane, tert-butyltri- 
sec-butoxysilane, tert-butyltri-tert-butoxysilane, 
tert-butyltriphenoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, phenyltri-n-propoxysilane, 
phenyltriisopropoxysilane, phenyltri-n-butoxysi- 
50 lane, phenyltri-sec-butoxysilane, phenyltri-tert-bu- 
toxysilane ; phenyltriphenoxysilane, vinyltrimethox- 
ysilane, vinyltriethoxysilane, y-aminopropyltrimeth- 
oxysilane, y-aminopropyltriethoxysilane, y-glyci- 
doxypropyltrimethoxysilane, y-glycidoxypropyltri- 
55 ethoxysilane, y-trifluoropropyltrimethoxysilane, and 
y-trifluoropropyltriethoxysilane; and 
dimethyldimethoxysilane, dimethyldiethoxysilane, 
dimethyldi-n-propoxysilane, dimethyldiisopropox- 
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ysilane, dimethyldi-n-butoxysilane, dimethyldi-sec- 
butoxysilane, dimethyldi-tert-butoxysilane, dimeth- 
yldiphenoxysilane, diethyldimethoxysilane, diethyl- 
diethoxysilane ; diethyldi-n-propoxysilane, diethyld- 
iisopropoxysilane, diethyldi-n-butoxysilane, diethyl- 
di-sec-butoxysilane, diethyldi-tert-butoxysilane, di- 
ethyldiphenoxysilane, di-n-propyldimethoxysilane, 
di-n-propyldiethoxysilane, di-n-propyldi-n-propox- 
ysilane, di-n-propyldiisopropoxysilane, di-n-propyl- 
di-n-butoxysilane, di-n-propyldi-sec-butoxysilane, 
di-n-propyldi-tert-butoxysilane, di-n-propyldiphe- 
noxysilane, diisopropyldimethoxysilane, diisopro- 
pyldiethoxysilane, diisopropyldi-n-propoxysilane, 
diisopropyldiisopropoxysilane, diisopropyldi-n-bu- 
toxysilane, diisopropyldi-sec-butoxysilane, diiso- 
propyldi-tert-butoxysilane, diisopropyldiphenoxysi- 
lane, di-n-butyldimethoxysilane, di-n-butyldiethox- 
ysilane, di-n-butyldi-n-propoxysilane, di-n-butyldi- 
isopropoxysilane, di-n-butyldi-n-butoxysilane, di-n- 
butyldi-sec-butoxysilane, di-n-butyldi-tert-butoxysi- 
lane, di-n-butyldiphenoxysilane, di-sec-butyld- 
imethoxysilane, di-sec-butyldiethoxysilane, di-sec- 
butyldi-n-propoxysilane, di-sec-butyldiisopropox- 
ysilane, di-sec-butyldi-n-butoxysilane, di-sec-butyl- 
di-sec-butoxysilane, di-sec-butyldi-tert-butoxysi- 
lane, di-sec-butyldiphenoxysilane, di-tert-butyld- 
imethoxysilane, di-tert-butyldiethoxysilane, di-tert- 
butyldi-n-propoxysilane, di-tert-butyldiisopropox- 
ysilane, di-tert-butyldi-n-butoxysilane, di-tert-butyl- 
di-sec-butoxysilane, di-tert-butyldi-tert-butoxysi- 
lane, di-tert-butyldiphenoxysilane, diphenyldimeth- 
oxysilane, diphenyldiethoxysilane, diphenyldi-n- 
propoxysilane, diphenyldiisopropoxysilane, diphe- 
nyldi-n-butoxysilane, diphenyldi-sec-butoxysilane, 
diphenyldi-tert-butoxysilane, diphenyldiphenoxysi- 
lane, and divinyltrimethoxysilane. 

[0025] Preferred examples of the compounds (1) in- 
clude methyltrimethoxysilane, methyltriethoxysilane, 
methyltri-n-propoxysilane, methyltriisopropoxysilane, 
ethyltrimethoxysilane, ethyltriethoxysilane, vinyltrimeth- 
oxysilane, vinyltriethoxysilane, phenyltrimethoxysilane, 
phenyltriethoxysilane, dimethyldimethoxysilane, 
dimethyldiethoxysilane, diethyldimethoxysilane, di- 
ethyldiethoxysilane, diphenyldimethoxysilane, and 
diphenyldiethoxysilane. 

[0026] Those compounds may be used alone or in 
combination of two or more thereof. 

Compounds (2): 

[0027] Examples of the monovalent organic group 
represented by R 2 in formula (2) include the same 
monovalent organic groups as those enumerated above 
with regard to formula (1). 

[0028] Examples of the compounds (2) include te- 
tramethoxysilane, tetraethoxysilane, tetra-n-propoxysi- 
lane, tetraisopropoxysilane, tetra-n-butoxysilane, tetra- 



sec-butoxysilane, tetra-tert-butoxysilane and tetraphe- 
noxysilane. 

Compounds (3): 

5 

[0029] Examples of the monovalent organic groups 
represented by R 3 to R 6 in formula (3) include the same 
monovalent organic groups as those enumerated above 
with regard to formula (1). 

10 [0030] Examples of the compounds (3) wherein R 7 in 
formula (3) is an oxygen atom include 
hexamethoxydisiloxane, hexaethoxydisiloxane, hexa- 
phenoxydisiloxane, 1 ,1 ,1 .3,3-pentamethoxy-3-methyl- 
disiloxane, 1 ,1 ,1 ,3,3-pentaethoxy-3-methyldisiloxane, 

15 1 ,1 ,1 ^^-pentaphenoxy-S-methyldisiloxane, 1,1,1,3,3- 
pentamethoxy-3-ethyldisiloxane, 1 ,1 ,1 ,3,3-pentae- 
thoxy-3-ethyldisiloxane, 1,1,1 ,3,3-pentaphenoxy-3- 
ethyldisiloxane, 1,1.1 ,3,3-pentamethoxy-3-phenyldisi- 
loxane, 1 ,1 ,1 ,3,3-pentaethoxy-3-phenyldisiloxane, 1,1, 

20 1 ,3,3-pentaphenoxy-3-phenyldisiloxane, 1,1,3,3-te- 
tramethoxy-1 ,3-dimethyldisiloxane, 1 ,1 ,3,3-tetrae- 
thoxy-1 ,3-dimethyldisiloxane, 1,1 ,3,3-tetraphenoxy-1 , 
3-dimethyldisiloxane, 1 ,1 ,3,3-tetramethoxy-1 ,3-diethyl- 
disiloxane, 1 ,1 ,3,3-tetraethoxy-1 ,3-diethyldisiloxane, 1 . 

25 1 ,3,3-tetraphenoxy-1 ,3-diethyldisiloxane, 1 ,1 ,3,3-te- 
tramethoxy-1 ,3-diphenyldisiloxane, 1 ,1 ,3,3-tetrae- 
thoxy-1 ,3-diphenyldisiloxane, 1 ,1 ,3,3-tetraphenoxy- 
1 ,3-diphenyldisiloxane, 1 ,1 ,3-trimethoxy-1 ,3,3-trimeth- 
yldisiloxane, 1 ,1 ,3-triethoxy-1 ,3,3-trimethyldisiloxane, 

30 1,1 ,3-triphenoxy-1 ,3,3-trimethyldisiloxane, 1 ,1 ,3-tri- 
methoxy-1 ,3,3-triethyldisiloxane. 1 ,1 ,3-triethoxy-1 ,3,3- 
triethyldisiloxane, 1 ,1 ,3-triphenoxy-1 ,3,3-triethyldisi- 
loxane, 1 ,1 ,3-trimethoxy-1 ,3,3-triphenyldisiloxane, 1,1, 
3-triethoxy-1 ,3,3-triphenyldisiloxane, 1 ,1 ,3-triphenoxy- 

35 1 ,3,3-triphenyldisiloxane, 1 ,3-dimethoxy-1 ,1 ,3,3-te- 
tramethyldisiloxane, 1 ,3-diethoxy-1 ,1 ,3,3-tetramethyld- 
isiloxane, 1 ,3-diphenoxy-1 ,1 ,3,3-tetramethyldisiloxane, 
1 ,3-dimethoxy-1 ,1 ,3,3-tetraethyldisiloxane, 1 ,3-di- 
ethoxy-1 ,1 ,3,3-tetraethyldisiloxane, 1 ,3-diphenoxy-1 ,1 , 

40 3,3-tetraethyldisiloxane, 1 ,3-dimethoxy-1 ,1 ,3,3-tetra- 
phenyldisiloxane, 1 ,3-diethoxy-1 ,1 ,3,3-tetraphenyldisi- 
loxane, and 1 ,3-diphenoxy-1 ,1 ,3,3-tetraphenyldisi- 
loxane. 

[0031] Preferred of those compounds are hexameth- 
45 oxydisiloxane, hexaethoxydisiloxane, 1 ,1 ,3,3-tetrame- 
thoxy-1 ,3-dimethyldisiloxane, 1 ,1 ,3,3-tetraethoxy-1 ,3- 
dimethyldisiloxane, 1 , 1 ,3,3-tetramethoxy-1 ,3-diphe- 
nyldisiloxane, 1 ,3-dimethoxy-1 , 1 ,3,3-tetramethyldisi- 
loxane, 1 ,3-diethoxy-1 ,1 .3,3-tetramethyldisiloxane, 1 ,3- 
50 dimethoxy-1 ,1 ,3,3-tetraphenyldisiloxane, and 1 ,3-di- 
ethoxy-1 ,1 ,3,3-tetraphenyldisiloxane. 
[0032] Examples of the compounds represented by 
formula (3) wherein d is 0 include 
hexamethoxydisilane, hexaethoxydisilane, hexaphe- 
55 noxydisilane, 1 ,1 .1 ,2,2-pentamethoxy-2-methyldisi- 
lane, 1 ,1 ,1 ,2,2-pentaethoxy-2-methyldisilane, 1,1,1,2, 
2-pentaphenoxy-2-methyldisilane, 1 ,1 ,1 ,2,2-pentame- 
thoxy-2-ethyldisilane, 1 ,1 ,1 ,2,2-pentaethoxy-2-ethyld- 
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isilane, 1 ,1 ,1 ,2,2-pentaphenoxy-2-ethyldisilane, 1,1,1, 
2,2-pentamethoxy-2-phenyldisilane, 1,1,1 ,2,2-pentae- 
thoxy-2-phenyldisilane, 1 ,1 ,1 ,2,2-pentaphenoxy-2-phe- 
nyldisilane, 1 ,1 ,2,2-tetramethoxy-l ,2-dimethyldisilane, 
1 ,1 ,2,2-tetraethoxy-1 ,2-dimethyldisilane, 1 ,1 ,2,2-tetra- 
phenoxy-1 ,2-dimethyldisilane, 1 ,1 ,2,2-tetramethoxy- 
1 ,2-diethyldisilane, 1 ,1 ,2,2-tetraethoxy-1 ,2-diethyldisi- 
lane, 1 ,1 ,2, 2-tetraphenoxy-1 ,2-diethyldisilane, 1,1,2,2- 
tetramethoxy-1 ; 2-diphenyldisilane, 1 .1 ,2,2-tetraethoxy- 
1 ,2-diphenyldisilane, 1 , 1 ,2,2-tetraphenoxy-1 ,2-diphe- 
nyldisilane, 1 , 1 ,2-trimethoxy-1 ,2,2-trimethyldisilane, 
1 ,1 ,2-triethoxy-1 ,2,2-trimethyldisilane, 1 ,1 ,2-triphe- 
noxy-1 ,2,2-trimethyldisilane, 1 ,1 ,2-trimethoxy-1 ,2,2-tri- 
ethyldisilane, 1,1 ,2-triethoxy-1 ,2,2-triethyldisilane, 
1 , 1 ,2-triphenoxy-1 ,2,2-triethyldisilane, 1 . 1 ,2-trimeth- 
oxy-1 ,2,2-triphenyldisilane, 1,1 ,2-triethoxy-1 ,2,2- 

triphenyldisilane, 1 , 1 ,2-triphenoxy-1 ,2,2-triphenyldisi- 
lane, 1 ,2-dimethoxy-1 ,1 ,2,2-tetramethyldisilane, 1 ; 2-di- 
ethoxy-1 ,1 ,2,2-tetramethyldisilane, 1 ,2-diphenoxy- 
1 ,1 ,2,2-tetramethyldisilane, 1 ,2-dimethoxy-1 ,1 ,2,2- 
tetraethyldisilane, 1 ,2-diethoxy-1 , 1 ,2,2-tetraethyldisi- 
lane, 1 ,2-diphenoxy-1 .1 ,2,2-tetraethyldisilane, 1,2- 
dimethoxy-1 ,1 ,2,2-tetraphenyldisilane, 1 ,2-diethoxy- 
1 ,1 ,2,2-tetraphenyldisilane, and 1 ,2-diphenoxy- 
1 ,1 ,2,2-tetraphenyldisilane. 
[0033] Preferred of those compounds are 
hexamethoxydisilane, hexaethoxydisilane, 1,1,2,2-te- 
tramethoxy-1 ,2-dimethyldisilane, 1 ,1 ,2,2-tetraethoxy- 
1 ,2-dimethyldisilane, 1 , 1 ,2,2-tetramethoxy-1 ,2-diphe- 
nyldisilane, 1 ,2-dimethoxy-1 ,1 ,2,2-tetramethyldisilane, 
1 ,2-diethoxy-1 ,1 ,2,2-tetramethyldisilane, 1 ,2-dimeth- 
oxy-1 ,1 ,2,2-tetraphenyldisilane, and 1 ,2-diethoxy- 
1 ,1 ,2,2-tetraphenyldisilane. 

[0034] Examples of the compounds represented by 
formula (3) wherein R 7 is a group represented by 
-(CH 2 ) n - include bis(trimethoxysilyl)methane, bis(tri- 
ethoxysilyl)methane, bis(tri-n-propoxysilyl)methane, 
bis(triisopropoxysilyl)methane, bis(tri-n-butoxysilyl) 
methane, bis(tri-sec-butoxysilyl)methane ; bis(tri-t-bu- 
toxysilyl)methane, 1 ,2-bis(trimethoxysilyl)ethane, 
1 ,2-bis(triethoxysilyl)ethane, 1 ,2-bis(tri-n-propoxysilyl) 
ethane, 1 ,2-bis(triisopropoxysilyl)ethane, 1 ,2-bis(tri-n- 
butoxysilyl)ethane, 1 ,2-bis(tri-sec-butoxysilyl)ethane, 
1 ,2-bis(tri-t-butoxysilyl)ethane, 1 -(dimethoxymethylsi- 
lyl)-1 -(trimethoxysilyl) methane, 1 -(diethoxymethylsi- 
lyl)-1 -(triethoxysilyl)methane. 1 -(di-n-propoxymethylsi- 
lyl)-1 -(tri-n-propoxysilyl)methane, 1 -(diisopropoxymeth- 
ylsilyl)-1 -(triisopropoxysilyl)methane, 1 -(di-n-bu- 

toxymethylsilyl)-1 -(tri-n-butoxysilyl)methane, 1-(di-sec- 
butoxymethylsilyl)-1 -(tri-sec-butoxysilyl)methane, 1 - 
(di-t-butoxymethylsilyl)-l -(tri-t-butoxysilyl)methane, 1 - 
(dimethoxymethylsilyl)-2-(trimethoxysilyl)ethane ! 1 -(di- 
ethoxymethylsilyl)-2-(triethoxysilyl)ethane, 1 -(di-n-pro- 
poxymethylsilyl)-2-(tri-n-propoxysilyl)ethane, 1 -(diiso- 
propoxymethylsilyl)-2-(triisopropoxysilyl)ethane, 1- (di- 
n-butoxymethylsilyl) -2- (tri-n-butoxysilyl) ethane, 1-(di- 
sec-butoxymethylsilyl)-2-(tri-sec-butoxysilyl)ethane, 1 - 
(di-t-butoxymethylsilyl)-2-(tri-t-butoxysilyl)ethane, bis 



(dimethoxymethylsilyl)methane ; bis(diethoxymethylsi- 
lyl)methane, bis(di-n-propoxymethylsilyl)methane, bis 
(diisopropoxymethylsilyl)methane, bis(di-n-bu- 
toxymethylsilyl)methane, bis(di-sec-butoxymethylsilyl) 

5 methane, bis(di-t-butoxymethylsilyl)methane, 1,2-bis 
(dimethoxymethylsilyl)ethane, 1 ,2-bis(diethoxymethyl- 
silyl)ethane, 1 ,2-bis(di-n-propoxymethylsilyl)ethane, 
1 ,2-bis(diisopropoxymethylsilyl)ethane, 1 ,2-bis(di-n- 
butoxymethylsilyl)ethane, 1 ,2-bis(di-sec-butoxymethyl- 

10 silyl)ethane, 1 ,2-bis(di-t-butoxymethylsilyl)ethane, 

1 .2- bis(trimethoxysilyl)benzene, 1 ,2-bis(triethoxysilyl) 
benzene, 1 ,2-bis(tri-n-propoxysilyl)benzene, 1,2-bis(tri- 
isopropoxysilyl)benzene, 1 ,2-bis(tri-n-butoxysilyl)ben- 
zene, 1 ,2-bis(tri-sec-butoxysilyl)benzene, 1 ; 2-bis(tri-t- 

15 butoxysilyl)benzene, 1 ,3-bis(trimethoxysilyl)benzene, 

1 .3- bis(triethoxysilyl)benzene, 1 ,3-bis(tri-n-propoxysi- 
lyl)benzene, 1 ,3-bis(triisopropoxysilyl)benzene, 1,3-bis 
(tri-n-butoxysilyl)benzene,1 ,3-bis(tri-sec-butoxysilyl) 
benzene, 1 ,3-bis(tri-t-butoxysilyl)benzene, 1,4-bis (tri- 

20 methoxysilyl)benzene, 1 ,4-bis(triethoxysilyl)benzene, 

1 .4- bis(tri-n-propoxysilyl)benzene, 1 ,4-bis(triisopropox- 
ysilyl)benzene, 1 ,4-bis(tri-n-butoxysilyl)benzene, 1,4- 
bis(tri-sec-butoxysilyl)benzene, and 1 ,4-bis (tri-t-butox- 
ysilyl)benzene. 

25 [0035] Preferred of those compounds are bis(trimeth- 
oxysilyl)methane, bis(triethoxysilyl)methane. 1,2-bis 
(trimethoxysilyl) ethane, 1 ,2-bis(triethoxysilyl)ethane, 
1 -(dimethoxymethylsilyl)-l -(trimethoxysilyl) methane, 
1 -(diethoxymethylsilyl)-l -(triethoxysilyl)methane, 1 - 

30 (dimethoxymethylsilyl)-2-(trimethoxysilyl)ethane, 1 -(di- 
ethoxymethylsilyl)-2-(triethoxysilyl)ethane, bis(dimeth- 
oxymethylsilyl)methane, bis(diethoxymethylsilyl)meth- 
ane, 1 ,2-bis(dimethoxymethylsilyl)ethane, 1,2-bis(di- 
ethoxymethylsilyl)ethane, 1 ,2-bis(trimethoxysilyl)ben- 

35 zene, 1 ,2-bis(triethoxysilyl)benzene, 1 ,3-bis(trimethox- 
ysilyl)benzene, 1 ,3-bis(triethoxysilyl)benzene, 1,4-bis 
(trimethoxysilyl)benzene, and 1 ,4-bis(triethoxysilyl) 
benzene. 

[0036] In the invention, the compounds (1), (2), and 

40 (3) described above may be used alone or in combina- 
tion of two or more thereof to constitute ingredient (A). 
[0037] A catalyst may be used in hydrolyzing and con- 
densing one or more of the compounds (1 ) to (3) to syn- 
thesize ingredient (A). Examples of this catalyst include 

45 metal chelate compounds, organic acids, inorganic ac- 
ids, organic bases, and inorganic bases. 
[0038] Examples of the metal chelate compounds in- 
clude titanium chelate compounds such as triethoxymo- 
no (acetylacetonato) titanium, tri-n-propoxymono 

50 (acetylacetonato)titanium, triisopropoxymono(acetylac- 
etonato)titanium, tri-n-butoxymo no (acetylacetonato ti- 
tanium, tri-sec-butoxymono(acetylacetonato)titanium, 
tri-tert-butoxymono(acetylacetonato)titanium, diethoxy- 
bis(acetylacetonato)titanium, di-n-propoxybis(acetylac- 

55 etonato)titanium, diisopropoxybis(acetylacetonato)tita- 
nium, di-n-butoxybis(acetylacetonato)titanium, di-sec- 
buto xyb is (acetyl aceto n ato)t itan i urn, d i-tert-b utoxyb is 
(acetylacetonato) titanium, monoethoxytris(acetylacet- 
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onato)titanium, mono-n-propoxytris (acetyl acetonato) 
titanium, monoisopropoxytris(acetylacetonato) titani- 
um, mono-n-butoxytris (acetylacetonato)titanium, mo- 
no-sec-butoxytris(acetylacetonato)titanium, mono-tert- 
butoxytris(acetylacetonato)titanium, tetrakis(acetylace- 
tonato)titanium, triethoxymono(ethylacetoacetato)tita- 
nium, tri-n-propoxymono(ethylacetoacetato)titanium, 
triisopropoxymono(ethylacetoacetato)titanium, tri-n- 
butoxymono(ethylacetoacetato)titanium, tri-sec-butox- 
ymono (ethylacetoacetato) titanium, tri-tert-butoxymo- 
no(ethylacetoacetato)titanium, diethoxybis(ethylace- 
toacetato)titanium, di-n-propoxybis(ethylacetoacetato) 
titanium, diisopropoxybis(ethylacetoacetato)titanium, 
di-n-butoxybis(ethylacetoacetato)titanium, di-sec-bu- 
toxybis(ethylacetoacetato)titanium, di-tert-butoxybis 
(ethylacetoacetato)titanium, monoethoxytris(ethylace- 
toacetato)titanium, mono-n-propoxytris(ethylacetoace- 
tato)titanium, monoisopropoxytris(ethylacetoacetato)ti- 
tanium, mono-n-butoxytris (ethylacetoacetato) titanium, 
mono-sec-butoxytris(ethylacetoacetato)titanium, mo- 
no-tert-butoxytris(ethylacetoacetato)titanium ; tetrakis 
(ethylacetoacetato)titanium, mono(acetylacetonato)tris 
(ethylacetoacetato)titanium, bis(acetylacetonato)bis 
(ethylacetoacetato)titanium, and tris (acetyl acetonato) 
mono(ethylacetoacetato)titanium; zirconium chelate 
compounds such as triethoxym on o (acetyl acetonato) 
zirconium, tri-n-propoxymono(acetylacetonato)zirconi- 
um, triisopropoxymono(acetylacetonato)zirconium. tri- 
n-butoxymono(acetylacetonato)zirconium, tri-sec-bu- 
toxymono(acetylacetonato)zirconium, tri-tert-butoxy- 
mono(acetylacetonato)zirconium. diethoxybis(acety- 
lacetonato)zirconium ; di-n-propoxybis(acetylaceto- 
nato)zirconium, diisopropoxybis(acetylacetonato)zirco- 
nium, di-n-butoxybis(acetylacetonato)zirconium, di- 
sec-butoxybis(acetylacetonato)zirconium, di-tert-bu- 
toxybis (acetylacetonato)zirconium, monoethoxytris 
(acetylacetonato)zirconium, mono-n-propoxytris(acety- 
lacetonato)zirconium, mon oisopropoxytris (acetyl aceto- 
nato)zirconium, mono-n-butoxytris(acetylacetonato)zir- 
conium, mono-sec-butoxytris(acetylacetonato)zirconi- 
um, mono-tert-butoxytris(acetylacetonato)zirconium, 
tetrakis(acetylacetonato)zirconium, triethoxymono 
(ethylacetoacetato)zirconium,tri-n-propoxymono(ethyl- 
acetoacetato)zirconium, triisopropoxymono(ethylace- 
toacetato)zirconium, tri-n-butoxymono(ethylacetoace- 
tato)zirconium, tri-sec-butoxymono(ethylacetoacetato) 
zirconium, tri-tert-butoxy mo no (ethyl acetoacetato)zirco- 
nium, diethoxybis(ethylacetoacetato)zirconium, di-n- 
propoxybis(ethylacetoacetato)zirconium, diisopropoxy- 
bis(ethylacetoacetato)zirconium ; di-n-butoxybis(ethyl- 
acetoacetato)zirconium, di-sec-butoxybis(ethylacetoa- 
cetato)zirconium, di-tert-butoxybis(ethylacetoacetato) 
zirconium, monoethoxytris(ethylacetoacetato)zirconi- 
um, mono-n-propoxytris(ethylacetoacetato)zirconium, 
monoisopropoxytris(ethylacetoacetato)zirconium, mo- 
no-n-butoxytris(ethylacetoacetato)zirconium, mono- 
sec-butoxytris(ethylacetoacetato)zirconium, mono-tert- 
butoxytris(ethylacetoacetato)zirconium, tetrakis(ethyl- 



aceto acetato)z i rco n i u m , mono (acetyl aceto n ato)t r is 
(ethylacetoacetato)zirconium, bis(acetylacetonato)bis 
(ethylacetoacetato)zirconium and tris(acetylacetonato) 
mono(ethylacetoacetato)zirconium; and aluminum 

5 chelate compounds such as tris (acetyl acetonato) alumi- 
num and tris(ethylacetoacetato)aluminum. 
[0039] Examples of the organic acids include acetic 
acid, propionic acid, butanoic acid, pentanoic acid, hex- 
anoic acid, heptanoic acid, octanoic acid, nonanoic acid, 

10 decanoic acid, oxalic acid, maleic acid, methylmalonic 
acid, adipic acid, sebacic acid, gallic acid, butyric acid, 
mellitic acid, arachidonic acid, shikimic acid, 2-ethylhex- 
anoic acid, oleic acid, stearic acid, linoleic acid, linolenic 
acid, salicylic acid, benzoic acid, p-aminobenzoic acid, 

15 p-toluenesulfonic acid, benzenesulfonic acid, mono- 
chloroacetic acid, dichloroacetic acid, trichloroacetic ac- 
id, trifluoroacetic acid, formic acid, malonic acid, sulfonic 
acids, phthalic acid, fumaric acid, citric acid and tartaric 
acid. 

20 [0040] Examples of the inorganic acids include hydro- 
chloric acid, nitric acid, sulfuric acid, hydrofluoric acid 
and phosphoric acid. 

[0041] Examples of the organic bases include pyrid- 
ine, pyrrole, piperazine, pyrrolidine, piperidine, picoline, 

25 trimethylamine, triethylamine, monoethanolamine, di- 
ethanolamine, dimethylmonoethanolamine, mono- 
methyldiethanolamine, triethanolamine, diazabicy- 
clooctane, diazabicyclononane, diazabicycloundecene, 
tetramethylammonium hydroxide, urea and creatinine. 

30 [0042] Examples of the inorganic bases include am- 
monia, sodium hydroxide, potassium hydroxide, barium 
hydroxide and calcium hydroxide. 
[0043] Preferred of those catalysts are metal chelate 
compounds, organic acids and inorganic acids. More 

35 preferred are organic acids. Especially preferred organ- 
ic acids are acetic acid, oxalic acid, maleic acid and 
malonic acid. Use of an organic acid as a catalyst is pre- 
ferred in that polymer precipitation and gelation are less 
apt to occur during the hydrolysis and condensation re- 

40 actions. 

[0044] Those catalysts may be used alone or in com- 
bination of two or more thereof. 

[0045] The amount of the catalyst to be used is gen- 
erally from 0.00001 to 0.05 mol, preferably from 0.00001 

45 to 0.01 mol, per mole of all R 1 0, R 2 0, R 4 0, and R s O 
groups contained in the compounds (1) to (3). 
[0046] In the case where ingredient (A) is a conden- 
sate of one or more of the compounds (1) to (3), the 
molecular weight thereof is generally from about 500 to 

50 300,000, preferably from about 700 to 200,000, more 
preferably from about 1 ,000 to 100,000, in terms of a 
weight average molecular weight calculated for stand- 
ard polystyrene. 

[0047] In ingredient (A), the proportion of the product 
55 of hydrolysis and condensation derived from each com- 
pound is as follows, in terms of the product of complete 
hydrolysis and condensation . The content of the product 
of hydrolysis and condensation derived from the com- 
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pound (3) is generally from 5 to 60% by weight, prefer- 
ably from 5 to 50% by weight, more preferably from 5 to 
40% by weight, based on the sum of all the products of 
hydrolysis and condensation derived from the com- 
pounds (1), (2) and (3). Furthermore, [weight of the 
product derived from the compound (1 )] <[weight of the 
product derived from the compound (2)]. In case where 
the content of the product of hydrolysis and condensa- 
tion derived from the compound (3) is lower than 5% by 
weight based on the sum of the products of hydrolysis 
and condensation derived from the compounds (1) to 
(3) in terms of the products of complete hydrolysis and 
condensation, the coating fluid gives a film having re- 
duced mechanical strength. On the other hand, in case 
where the content thereof exceeds 60% by weight, the 
coating fluid gives a film which has too high water-ab- 
sorbing properties and reduced electrical properties. 
Furthermore, in case where the amount by weight of the 
product of hydrolysis and condensation derived from the 
compound (1) is not smaller than that of the product of 
hydrolysis and condensation derived from the com- 
pound (2), the coating fluid gives a film having poor 
strength. 

[0048] The term "product of complete hydrolysis and 
condensation" as used herein means a product in which 
all the SiOR 1 , SiOR 2 , SiOR 4 and SiOR 5 groups con- 
tained in the compounds (1) to (3) have been hydrolyzed 
into SiOH groups and then completely condensed to 
form siloxane structures. 

[0049] The inorganic dielectric film in the invention is 
preferably formed by dissolving the product of hydroly- 
sis and condensation of one or more of those silane 
compounds in an organic solvent (B), applying the re- 
sulting coating fluid, and then heating the coating layer. 
[0050] The organic solvent (B) may comprise at least 
one member selected from the group consisting of al- 
cohol solvents, ketone solvents, amide solvents, ester 
solvents and aprotic solvents. 

[0051] Examples of the alcohol solvents include 
monohydric alcohols such as methanol, ethanol, n-pro- 
panol, isopropanol, n-butanol, isobutanol, sec-butanol, 
t-butanol, n-pentanol, isopentanol, 2-methylbutanol, 
sec-pentanol, t-pentanol, 3-methoxybutanol, n-hexanol, 
2-methylpentanol, sec-hexanol, 2-ethylbutanol, sec- 
heptanol, heptanol-3, n-octanol, 2-ethylhexanoL sec- 
octanol, n-nonyl alcohol, 2,6-dimethylheptanol-4, n-de- 
canol, sec-undecylalcohol, trimethylnonyl alcohol, sec- 
tetradecyl alcohol, sec-heptadecyl alcohol, phenol, cy- 
clohexanol, methylcyclohexanol, 3,3,5-trimethylcy- 
clohexanol, benzyl alcohol and diacetone alcohol; pol- 
yhydric alcohols such as ethylene glycol, 1 ,2-propylene 
glycol, 1,3-butylene glycol, pentanediol-2,4, 2-methyl- 
pentanediol-2,4, hexanediol-2,5, heptanediol-2,4, 
2-ethylhexanediol-1 ,3, diethylene glycol, dipropylene 
glycol, triethylene glycol and tripropylene glycol; and 
partial ethers of polyhydric alcohols, such as ethylene 
glycol monomethyl ether, ethylene glycol monoethyl 
ether, ethylene glycol monopropyl ether, ethylene glycol 



monobutyl ether, ethylene glycol monohexyl ether, eth- 
ylene glycol monophenyl ether, ethylene glycol mono- 
2-ethylbutyl ether, diethylene glycol monomethyl ether 
diethylene glycol monoethyl ether, diethylene glycol 

5 monopropyl ether, diethylene glycol monobutyl ether, di- 
ethylene glycol monohexyl ether, propylene glycol mon- 
omethyl ether, propylene glycol monoethyl ether, pro- 
pylene glycol monopropyl ether, propylene glycol 
monobutyl ether, dipropylene glycol monomethyl ether 

10 dipropylene glycol monoethyl ether and dipropylene gly- 
col monopropyl ether. 

[0052] Those alcohol solvents may be used alone or 

in combination of two or more thereof. 

[0053] Preferred of those alcohols are n-propanol : 

15 isopropanol, n-butanol, isobutanol, sec-butanol, t-buta- 
nol, n-pentanol, isopentanol. 2-methylbutanol, sec-pen- 
tanol, t-pentanol, 3-methoxybutanol, n-hexanol, 
2-methylpentanol, sec-hexanol, 2-ethylbutanol, propyl- 
ene glycol monomethyl ether, propylene glycol monoe- 

20 thyl ether, propylene glycol monopropyl ether and pro- 
pylene glycol monobutyl ether. 

[0054] Examples of the ketone solvents include ace- 
tone, methyl ethyl ketone, methyl n-propyl ketone, me- 
thyl n-butyl ketone, diethyl ketone, methyl isobutyl ke- 

25 tone, methyl n-pentyl ketone, ethyl n-butyl ketone, me- 
thyl n-hexyl ketone, diisobutyl ketone, trimethylnona- 
none, cyclohexanone. 2-hexanone. methylcyclohex- 
anone, 2,4-pentanedione, acetonylacetone, acetophe- 
none andfenchone. Examples thereof further include p- 

30 diketones such as acetylacetone, 2,4-hexanedione, 

2.4- heptanedione, 3,5-heptanedione, 2,4-octanedione, 

3.5- octanedione, 2,4-nonanedione, 3,5-nonanedione, 
5-methyl-2,4-hexanedione, 2,2,6,6-tetramethyl- 
3,5-heptanedione and 1 ,1 ,1 ,5,5,5-hexafluoro-2,4-hep- 

35 tanedione. 

[0055] Those ketone solvents may be used alone or 
in combination of two or more thereof. 
[0056] Examples of the amide solvents include forma- 
mide, N-methylformamide, N,N-dimethylformamide, N- 

40 ethylformamide, N,N-diethylformamide, acetamide, N- 
methylacetamide, N,N-dimethylacetamide, N-ethyla- 
cetamide, N ; N-diethylacetamide, N-methylpropiona- 
mide, N-methylpyrrolidone, N-formylmorpholine, N- 
formylpiperidine, N-formylpyrrolidine, N-acetylmorpho- 

45 line, N-acetylpiperidine and N-acetylpyrrolidine. 

[0057] Those amide solvents may be used alone or 
in combination of two or more thereof. 
[0058] Examples of the ester solvents include diethyl 
carbonate, ethylene carbonate, propylene carbonate, 

50 methyl acetate, ethyl acetate, y-butyrolactone, y-valero- 
lactone, n-propyl acetate, isopropyl acetate, n-butyl ac- 
etate, isobutyl acetate, sec-butyl acetate, n-pentyl ace- 
tate, sec-pentyl acetate, 3-methoxybutyl acetate, meth- 
ylpentyl acetate, 2-ethylbutyl acetate, 2-ethylhexyl ace- 

55 tate, benzyl acetate, cyclohexyl acetate, m ethyl cy- 
clohexyl acetate, n-nonyl acetate, methyl aceto acetate, 
ethyl acetoacetate, ethylene glycol monomethyl ether 
acetate, ethylene glycol monoethyl ether acetate, dieth- 
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ylene glycol monomethyl ether acetate, diethylene gly- 
col monoethyl ether acetate, diethylene glycol mono-n- 
butyl ether acetate, propylene glycol monomethyl ether 
acetate, propylene glycol monoethyl ether acetate, pro- 
pylene glycol monopropyl ether acetate, propylene gly- 
col monobutyl ether acetate, dipropylene glycol mono- 
methyl ether acetate, dipropylene glycol monoethyl 
ether acetate, glycol diacetate, methoxytriglycol ace- 
tate, ethyl propionate, n-butyl propionate, isoamyl pro- 
pionate, diethyl oxalate, di-n-butyl oxalate, methyl lac- 
tate, ethyl lactate : n-butyl lactate, n-amyl lactate, diethyl 
malonate, dimethyl phthalate and diethyl phthalate. 
[0059] Those ester solvents may be used alone or in 
combination of two or more thereof. 
[0060] Examples of the aprotic solvents include ace- 
tonitrile, dimethyl sulfoxide, N^.N'.N'-tetraethylsulfa- 
mide, hexamethylphosphoric triamide, N-methylmor- 
pholone, N-methylpyrrole, N-ethylpyrrole, N-methyl-A 3 - 
pyrroline, N-methylpiperidine, N-ethylpiperidine, N,N- 
dimethylpiperazine, N-methylimidazole, N-methyl- 
4-pipehdone, N-methyl-2-piperidone, N-methyl-2-pyr- 
rolidone, 1 ,3-dimethyl-2-imidazolidinone, and 
1 ,3-dimethyltetrahydro-2(1 H)-pyrimidinone. 
[0061] The organic solvents (B) enumerated above 
can be used alone or as a mixture of two or more thereof. 
[0062] Preferred of those organic solvents are alcohol 
solvents. 

[0063] Examples of coating techniques that can be 
used for applying the coating fluid include spin coating, 
dipping, and roller blade coating. 
[0064] This coating operation can be conducted so as 
to form a coating film having a thickness on a dry basis 
of from about 0.05 to 1 .5 jim in the case of single coating 
or from about 0.1 to 3 ujti in the case of double coating. 
[0065] In general, the thickness of the coating film to 
be formed is from 0.2 to 20 urn. 
[0066] In this operation, heating can be conducted 
with a hot plate, oven, furnace or the like, for example, 
in the air, in a nitrogen or argon atmosphere, under vac- 
uum or under reduced pressure having a controlled ox- 
ygen concentration. 

[0067] In order to control the curing rate of the ingre- 
dient (A), stepwise heating or a suitably selected atmos- 
phere, such as a nitrogen, air, oxygen or reduced pres- 
sure atmosphere, can be used according to need. 
[0068] The silica- or siloxane-based film thus ob- 
tained has a dielectric constant of generally from 1 .5 to 
3.2 and a density of generally from 0.35 to 1 .2 g/cm 3 , 
preferably from 0.4 to 1.1 g/cm 3 , more preferably from 
0.5 to 1 .0 g/cm 3 . In case where the density of the film is 
lowerthan 0.35 g/cm 3 , the coating film has impaired me- 
chanical strength. On the other hand, in case where the 
density thereof exceeds 1 .2 g/cm 3 , a low dielectric con- 
stant cannot be obtained. 

[0069] The inorganic dielectric film in the invention 
can be one formed from one or more of the aforemen- 
tioned silane compounds by CVD. 



Organic Dielectric film 

[0070] The organic dielectric film preferably compris- 
es a heat-resistant organic resin having a glass transi- 
5 tion point of 400°C or higher and a heat decomposition 
temperature of 500°C or higher. 

[0071] In the invention, the organic dielectric film is 
not removed during the wiring steps and remains in the 
multilayer structure. Because of this, use of an organic 
10 dielectric film having a glass transition point lower than 
400°C is undesirable in that it may deform during mul- 
tilayer wiring to pose problems such as wiring connec- 
tion failures and delamination. 

[0072] The organic dielectric film has a dielectric con- 
's stant of preferably 4.0 or lower, more preferably 3.5 or 
lower. 

[0073] The thickness of the organic dielectric film is 
determined by the thickness of the inorganic dielectric 
film and etching selective ratio between the organic di- 
20 electric film and the inorganic dielectric film during etch- 
ing. However, the thickness thereof is generally from 1 0 
to 2,000 nm. 

[0074] The material of the organic dielectric film is 
preferably an organic polymer selected from polyar- 
25 ylenes, poly(arylene ether)s, polybenzoxazole, and 
polyimides. 

[0075] This organic dielectric film can be formed by 
dissolving the organic polymer in an organic solvent, ap- 
plying the solution, and then heating the coating layer. 
30 [0076] In forming a film from the coating fluid contain- 
ing the organic polymer, burning is conducted at a tem- 
perature of preferably from 50 to 600°C, more preferably 
from 200 to 500°C. 

[0077] The metal oxide film in the invention is a metal 
35 oxide film containing at least one metal selected from 
the group consisting of boron, aluminum, gallium, indi- 
um, thallium, silicon, germanium, tin, lead, titanium, zir- 
conium, hafnium, vanadium, niobium, tantalum, chromi- 
um, molybdenum, tungsten, manganese, zinc, cadmi- 
40 um, phosphorus, arsenic, antimony, bismuth and cerium 
as a constituent element. 

[0078] The metal oxide film in the invention is prefer- 
ably formed by applying a coating fluid prepared by dis- 
solving a product of the (partial) hydrolysis and conden- 
45 sation of an alkoxide of the at least one metallic element 
in an organic solvent and then heating the coating layer. 
The metal alkoxide used as a starting material is pref- 
erably an alkoxysilane. Examples of the alkoxysilane in- 
clude the same silane compounds as those usable for 
50 forming the inorganic dielectricfilm. The organic solvent 
may comprise at least one member selected from the 
group consisting of alcohol solvents, ketone solvents, 
amide solvents, ester solvents and aprotic solvents. 
[0079] Preferred of those organic solvents are alcohol 
55 solvents. 

[0080] Although the metal oxide film in the invention 
is usually obtained by applying and burning a product of 
the (partial) hydrolysis and condensation of a metal 
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alkoxide, a technique for curing and insolubilizing the 
coating film may be used which comprises incorporating 
a latent acid generator into the coating fluid to accelerate 
the curing reaction in a film-forming step. Examples of 
the latent acid generator used for this purpose include 
latent hot acid generators and latent photo-acid gener- 
ators. 

[0081] The latent hot acid generators are compounds 
which generate an acid upon heating to generally 50 to 
450°C, preferably 200 to 350°C. Specific examples 
thereof include onium salts such as sulfonium salts, 
benzothiazolium salts, ammonium salts, and phospho- 
nium salts. The latent photo-acid generators are com- 
pounds which generate an acid upon ultraviolet irradia- 
tion at generally from 1 to 1 00 mJ, preferably from 1 0 to 
50 mJ. 

[0082] After the coating fluid containing a product of 
the (partial) hydrolysis and condensation of a metal 
alkoxide as the main component is applied, the coating 
film is heated at a temperature of preferably from 80 to 
450°C. Thefilm thus formed has athickness of generally 
from 1 to 500 nm, preferably from 1 0 to 200 nm. 
[0083] This coating fluid for metal oxide film formation 
should function to fill a trench mask pattern formed in 
the organic dielectric film and to form a flat surface. Al- 
though an anti reflection film is formed on this metal ox- 
ide film and a photoresist is further applied thereon for 
photolithography, it is possible to impart a reflection -pre- 
ventive function to the metal oxide film and thereby omit 
the step of forming an antireflection film. 
[0084] A typical example of the method of dual da- 
mascene structure formation of the invention is as fol- 
lows. 

1 . Step of forming multilayer structure 

An inorganic dielectric film, an organic dielec- 
tric film and a metal oxide film are formed on a sub- 
strate on which a dual damascene structure is to be 
formed, whereby the multilayer structure shown in 
Fig. 1 is obtained. 

When the coating operation is conducted so as 
to superpose an inorganic dielectric film, organic di- 
electric film, inorganic dielectric film, organic dielec- 
tric film, and metal oxide film in this order, then an 
inorganic dielectric film having a mid etch stopper 
layer therein can be formed as shown in Fig. 2. 

2. Step of forming trench pattern by photolithogra- 
phy 

3. Step of trench pattern transfer to metal oxide film 

4. Step of trench pattern transfer to organic dielec- 
tric film 

5. Step of filling trenches of organic dielectric film 
trench pattern mask and planarization with metal 
oxide film 

6. Step of forming via pattern by photolithography 

7. Step of via pattern transfer to trench layer 

8. Step of via pattern transfer to mid etch stopper 
(optional step) 



9. Step of via formation 

1 0. Step of trench formation 

11. Step of breaking copper barrier layer (silicon 
carbide or silicon nitride film formed by CVD); step 

5 of depositing barrier metal and copper wiring and 
filling 

1 2. Step of copper polishing with CMP slurry 

[0085] Step 4, in which a trench pattern is transferred 
10 to the organic dielectric film, combines two steps, i.e., 
the etching of the organic dielectric film according to a 
trench mask pattern and the ashing of the photoresist. 
[0086] Forming a metal oxide film beforehand on the 
organic dielectric film for step 4 is preferred in that the 
15 metal oxide film functions as a stopper film during the 
photoresist ashing and, hence, the processing can be 
conducted without the necessity of taking account of the 
etching selective ratio between the organic dielectric 
film and the photoresist pattern. 
20 [0087] In step 7, the metal oxide film is preferably a 
silica film because this metal oxidefilm and the inorganic 
dielectric film can be successively etched without ne- 
cessitating a considerable change in gas composition. 
[0088] In step 8, the via pattern is transferred to the 
25 organic dielectric film functioning as a mid etch stopper. 
This mid etch stopper is not essential in the invention. 
[0089] However, in case where the thicknesses of the 
trench layer and the via layer are to be strictly regulated 
without a mid etch stopper in the actual formation of a 
30 dual damascene structure, it is necessary to precisely 
control the rate of etching with an etching gas and the 
etching selective ratio between the mask and the die- 
lectric film. The mid etch stopper is useful because the 
necessity of strictly matching all the control parameters 
35 can be eliminated therewith. 

[0090] In step 9, the trench layer is etched. As the 
etching of the lower via layer proceeds, the metal oxide 
film is completely removed and the trench mask of the 
organic dielectric film underlying the metal oxidefilm ap- 
40 pears. By transferring this trench mask pattern to the 
inorganic dielectric film as a trench layer, a dual da- 
mascene structure can be formed. The organic dielec- 
tric film preferably functions as a CMP stopper for cop- 
per CMP in step 12. 
45 [0091] A dry etching process employing a fluorocar- 
bon gas as the main component is generally used for 
the etching of the inorganic dielectric film and the metal 
oxide film. 

[0092] Forthe etching of the organic dielectric film and 
50 the ashing of the photoresists, use is made of a dry etch- 
ing process employing an oxygen plasma, ammonia 
plasma, hydrogen/nitrogen mixed gas plasma, or nitro- 
gen/oxygen mixed gas as the main component. 
[0093] The invention will be explained below in more 
55 detail by reference to the following Example. However, 
the following description merely shows a general em- 
bodiment example of the invention, and it should be un- 
derstood that the invention is not construed as being lim- 
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ited by the description without particular reasons. 
[0094] In the following Synthesis Examples and Ex- 
ample, all "parts" and "percents" are by weight unless 
otherwise indicated. 

SYNTHESIS EXAMPLE 1 

Preparation of Coating Fluid for Inorganic Dielectric film 

[0095] To a solution prepared by mixing 5 g of 25% 
ammonia water, 320 g of ultrapure water and 600 g of 
ethanol were added 1 5 g of methyltrimethoxysilane (7.4 
g in terms of the product of complete hydrolysis and con- 
densation) and 20 g of tetraethoxysilane (5.8 g in terms 
of the product of complete hydrolysis and condensa- 
tion). This mixture was reacted at 60° C for 3 hours. 
Maleic acid was added to the resulting reaction mixture 
to adjust the pH thereof to 2.5. To this solution was add- 
ed 150 g of propylene glycol monopropyl ether. The re- 
sulting mixture was concentrated under reduced pres- 
sure to obtain a composition solution having a solid con- 
tent of 9%. 

SYNTHESIS EXAMPLE 2 

Preparation of Coating Fluid for Organic Dielectric film 

[0096] Into a flask were introduced 37.8 g of 9,9-bis 
(4-hydroxy-3-methylphenyl)fluorene and 37.8 g of po- 
tassium carbonate together with 350 g of dimethylaceta- 
mide. The contents were heated at 150°C for 2 hours in 
a nitrogen atmosphere while removing the resulting wa- 
ter vapor from the system. To this solution was added 
21 .8 g of bis (4-fluorophenyl) ketone. The resulting mix- 
ture was reacted at 165°C for 10 hours, subsequently 
cooled, and then filtered to remove the insoluble matter 
contained in the solution. Reprecipitation was conduct- 
ed from methanol. This precipitate was sufficiently 
washed with ion-exchanged water and then dissolved 
in cyclohexanone. After the insoluble matter was re- 
moved, the solution was poured into methanol to con- 
duct reprecipitation. This precipitate was dried in a 60°C 
vacuum oven for 24 hours to obtain a polymer. 
[0097] In 1 8 g of cyclohexanone was dissolved 2 g of 
the polymer. This solution was filtered through a poly- 
tetrafluoroethylene (Teflon) filter having a pore diameter 
of 0.2 jim to obtain a coating fluid for an organic dielec- 
tric film. 

SYNTHESIS EXAMPLE 3 

Preparation of Coating Fluid for Metal Oxide Film 
Formation 

[0098] 

(1) In 298 g of propylene glycol monopropyl ether 
was dissolved 106.4 g of tet ram ethoxysi lane. This 



solution was stirred with a Three-One Motor to keep 
the solution temperature at 60°C. Subsequently, 50 
g of ion-exchanged water containing 2.1 g of maleic 
acid dissolved therein was added to the solution 

5 over 1 hour. Thereafter, the reaction mixture was 
reacted at 60°C for 4 hours and then cooled to room 
temperature. A solution containing methanol was 
removed in an amount of 90 g from the reaction mix- 
ture at 50°C by evaporation, and 643 g of propylene 

10 glycol monopropyl ether was added to the residue 
to obtain a solution (A). 

(2) To the solution (A) was added 5 g of bis(4-t-butyl- 
phenyl)iodonium camphorsulfonate as ingredient 
(B). The resulting mixture was filtered through aTe- 
15 flon filter having a pore diameter of 0.2 jam to obtain 
a coating fluid for metal oxide film formation. 

EXAMPLE 1 

20 [0099] 

(1) A silicon nitride film having a thickness of 400 
nm was formed on a silicon substrate by ordinary 
plasma CVD. The coating fluid for inorganic dielec- 

25 trie film formation prepared in Synthesis Example 1 
was applied to the coated substrate by spin coating, 
and this substrate was heated first in the air at 80° C 
for 5 minutes and subsequently in nitrogen at200°C 
for 5 minutes and then heated under vacuum at 

30 425°C for 1 hour to thereby form a via insulating 
layer (A) composed of an inorganic dielectric film 
having a thickness of 300 nm. 

The via insulating layer formed was subjected 
to a UV/ozone treatment to activate the surface 

35 thereof. Thereafter, the coating fluid for organic di- 
electric film formation prepared in Synthesis Exam- 
ple 2 was applied thereto by spin coating. This sub- 
strate was dried first at 80°C for 1 minute and sub- 
sequently at 200°C for 2 minutes and then further 

40 heated in a 450°C nitrogen atmosphere for 5 min- 
utes to thereby form a mid etch stopper layer (B) 
having a thickness of 50 nm. 

The coating fluid (1) for inorganic dielectric film 
formation obtained in Synthesis Example 1 was ap- 

45 plied to the mid etch stopper layer and then dried in 
the same manner as in the formation of the via in- 
sulating layer to thereby form a trench insulating 
layer (C) having a thickness of 300 nm. The trench 
insulating layer (C) was subjected to a UV/ozone 

50 treatment to activate the surface thereof. Thereaf- 
ter, the coating fluid for organic dielectric film forma- 
tion was applied and dried in the same manner as 
in the formation of the mid etch stopper layer (B) to 
thereby form a lower hardmask layer (D) having a 

55 thickness of 1 00 nm. The coating fluid for metal ox- 
ide film formation prepared in Synthesis Example 3 
was then applied by spin coating and then dried with 
a 200°C hot plate for 2 minutes to thereby form an 
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upper hardmask layer (E) having a thickness of 30 
nm. 

(2) Subsequently, a KrF positive photoresist was 
used to form a 0.35 u.m trench pattern resist mask 
on the upper hardmask layer (E). Thereafter, the 
trench pattern was transferred to the upper hard- 
mask layer (E) with a f luorocarbon-based dry etch- 
ing gas. 

(3) The trench pattern was further transferred to the 
lower hardmask layer (D) with an NH 3 gas plasma. 

(4) The residue of the trench pattern resist mask 
was removed with a wet cleaning liquid (pH=8). 

(5) Subsequently, the coating fluid for metal oxide 
film formation prepared in Synthesis Example 3 was 
applied to the trench pattern-bearing upper hard- 
mask layer so as to result in a film thickness of 50 
nm and heated in the same manner as in (1 ) above 
to thereby form an upper hardmask layer (E 1 ). 

(6) A KrF positive photoresist was used to form a 
0.25-jxm hole pattern resist maskon the upper hard- 
mask layer (E 1 ). 

(7) Using a f luorocarbon-based dry etching gas, this 
hole pattern was transferred to the upper hardmask 
(E) and further to the trench insulating layer (C) to 
expose the mid etch stopper layer (B). 

(8) Subsequently, the hole pattern was transferred 
to the mid etch stopper layer (B) with an NH 3 gas 
plasma. 

(9) A fluorocarbon-based dry etching gas was used 
once again to conduct hole formation in the via layer 
(A) and, simultaneously therewith, remove the up- 
per hardmask (E). Subsequently, the etching gas 
was shifted to anotherfluorocarbon-based dry etch- 
ing gas to form trenches in the trench layer (C). 

(1 0) Finally, the lower silicon nitride film was broken 
with a fluorocarbon-based dry etching gas to com- 
plete trench and hole formation. 

(1 1 ) The trenches and holes were rinsed with a wet 
cleaning liquid (pH 8) to remove the deposits attrib- 
utable to the etching gases. Tantalum was deposit- 
ed by PVD to form a barrier metal layer having a 
thickness of 1 nm. Furthermore, a copper seed lay- 
er was formed by PVD, and the holes and trenches 
were filled with a copper wire by plating. 

(1 2) That part of the copper which was overlaid on 
the barrier metal layer was removed by CMP and 
the barrier metal as the uppermost layer was also 
removed. Thus, the formation of a copper dual da- 
mascene wiring was completed. 

(13) A section of the wafer was examined with a 
scanning electron microscope. It was ascertained 
that a copper dual damascene wiring had been 
formed without fail. 

[0100] According to the invention which has the con- 
stitution described above, the problem concerning etch- 
ing selective ratio associated with the use of a combi- 
nation of CVD films selected from silicon carbide, silicon 



nitride and silica films can be eliminated. The invention 
further has a merit that most of the constituent layers 
including insulating layers and hardmasks can be 
formed from coating materials and, hence, the process 

5 flow can be simplified. 

[0101] A method of dual damascene structure forma- 
tion suitable for wiring on semiconductors. The method 
of forming a dual damascene structure includes the 
steps of forming an organic dielectric film and a metal 

10 oxide film on an inorganic dielectric film, forming a pat- 
tern on the resulting multilayer structure, and then etch- 
ing the structure. 



15 Claims 

1. A method of forming a dual damascene structure 
which comprises the step of superposing an organic 
dielectric film and a metal oxide film on an inorganic 

20 dielectric film. 

2. The metal of forming a dual damascene structure 
of claim 1 , wherein the inorganic dielectric film has 
a mid etch stopper layer therein. 

25 

3. The method of forming a dual damascene structure 
of claim 1 , wherein the inorganic dielectric film is a 
siloxane-based dielectric film having a dielectric 
constant of from 1 .5 to 3.2. 

30 

4. The method of forming a dual damascene structure 
of claim 3, wherein the siloxane-based dielectric 
film having a dielectric constant of from 1 .5 to 3.2 
has hydrocarbon groups. 

35 

5. The method of forming a dual damascene structure 
of claim 1 , wherein the organic dielectric film com- 
prises an organic polymer having a glass transition 
point of 400°C or higher and a heat decomposition 

40 temperature of 500°C or higher. 

6. The method of forming a dual damascene structure 
of claim 5, wherein the organic polymer is selected 
from the group consisting of polyarylenes, poly 

45 (arylene ether)s, polybenzoxazole and polyimides. 

7. The method of forming a dual damascene structure 
of claim 1 , wherein the metal oxide film comprises 
an oxide of at least one metal selected from the 

50 group consisting of boron, aluminum, gallium, indi- 
um, thallium, silicon, germanium, tin, lead, titanium, 
zirconium, hafnium, vanadium, niobium, tantalum, 
chromium, molybdenum, tungsten, manganese, 
zinc, cadmium, phosphorus, arsenic, antimony, bis- 
55 muth and cerium. 

8. The method of forming a dual damascene structure 
of claim 1 , wherein the metal oxide film has a ref lec- 
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tion-preventive function. 

9. The method of forming a dual damascene structure 
of claim 1, wherein the inorganic dielectric film is 
formed by applying a coating fluid comprising a 5 
polysiloxane and an organic solvent, and then heat- 
ing the coating layer. 

1 0. The method of forming a dual damascene structure 

of claim 1, wherein the organic dielectric film is 10 
formed by applying a coating fluid comprising an or- 
ganic polymer having a glass transition point of 
400°C or higher and a heat decomposition temper- 
ature of 500°C or higher and an organic solvent, 
and then heating the coating layer. is 

1 1 . The method of forming a dual damascene structure 
of claim 1 , wherein the metal oxide film is formed 
by: applying a coating fluid comprising an organic 
solvent and a compound obtained by hydrolyzing 20 
and condensing an alkoxide of at least one metal 
selected from the group consisting of boron, alumi- 
num, gallium, indium, thallium, silicon, germanium, 

tin, lead, titanium, zirconium, hafnium, vanadium, 
niobium, tantalum, chromium, molybdenum, tung- 25 
sten, manganese, zinc, cadmium, phosphorus, ar- 
senic, antimony, bismuth and cerium; and then 
heating the coating layer. 

1 2. A dual damascene structure formed by the method 30 
of claim 1 . 
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